This work presents a general solution for the metric of Schwarzschild black hole in this radiation gauge.
I. INTRODUCTION
The space-time metric is determined by the matter energy-momentum tensor of gravitational source via Einstein field equations
where g µν is the metric tensor, R µν and R are Ricci tensor and scalar, and T µν denotes the matter energy-momentum tensor. The light speed c in vacuum is set as 1. Here and in the following, Greek indices run from 0 to 3 and Latin indices run from 1 to 3.
Due to Bianchi equalities, Einstein field equations only have six independent equations, while, a metric tensor has ten components. Therefore, we need four additional conditions to fix the solution when we solve Einstein field equations. This is also called as gauge fixing.
Although it is generally believed that the gauge can be chosen arbitrarily, Fock believes that the solution to Einstein field equations has physical significance only under the harmonic-coordinate conditions [1] ,
where Γ 
which is similar to the Coulomb gauge ∂ i A i = 0 in electrodynamics. This gauge can remove all nonphysical degrees of freedom of the gravitational field in the weak-field limit, and thus the energy of gravitational wave can be calculated directly. Therefore, this gauge may be viewed as an improvement over the harmonic gauge for dealing with the gravitational wave radiation, and would make the canonical structure and quantization of gravity more illuminating [2] . In their work, the authors focus on the weak-field regime and present the radiation-gauge solution for the metric of Schwarzschild black hole to the first order. It is interesting and important to study the general solution for Schwarzschild black hole in this radiation gauge, and this is the aim of this work.
II. DERIVATION OF EXACT SOLUTION FOR SCHWARZSCHILD BLACK HOLE IN THE RA-DIATION GAUGE
We start with the standard form of Schwarzschild metric [3]
where M is the mass of black hole. In order to find the solution satisfying the radiation gauge Eq. (3), we introduce a new radius variable r, and let R be a function of r. Re-writing Eq. (4) in terms of r, we have
where the prime denotes the derivative with respect to r.
Similar to the construction of the harmonic coordinates for Schwarzschild metric [4], we can
construct the coordinates in the radiation gauge as follows:
Then Eq. (5) becomes
The components of the metric can be written down explicitly,
In order to derive the general solution, we also need the inverse of metric, which can be obtained from Eqs. (8)-(10) as follows:
Substituting Eqs. (8)- (13) into Eq. (3), after tedious but straightforward calculation, we find the 0-component of Eq. (3) is automatically satisfied, and the l-commponent can be written as
Therefore, we have
One simple solution to Eq. (15) can be written as
with α being a constant. Substituting this equation into Eq. (7), we have
The constant α can be fixed when we consider the weak-field limit of general relativity, which should be consistent with Newtonian theory. In the limit of r → ∞, the time-time component of
Einstein field equation gives [4]
∇ 2 g 00 = −8πGT 00 .
Taking the weak-field limit of Eq. (17), and plugging the time-time metric component into Eq. (18), we have
and we can obtain α = 1.
Therefore, a general solution for Schwarzschild black hole in the radiation gauge can be written as follow:
